S24.05 Measures to promote both mitigation and adaptation to climate change in agriculture Jørgen E Olesen Aarhus University, Department of Agroecology and Environment, Denmark
The greatest challenge of agriculture during the 21st century is probably to feed the increasing number of increasingly wealthy people on earth while maintaining soil and water resources (Cassmann et al., 2003) . Climate change significantly adds to this challenge by reducing the quality of soil and availability of water in many regions and by increasing variability of temperature and rainfall (Tubiello et al., 2007) . The already now large contribution of agriculture to global greenhouse gas emissions will increase in importance, unless more effective and climate friendly farming systems are adopted. The challenge of agriculture in within the climate change context is therefore two-fold, both to reduce emissions and to adapt to a changing and more variable climate. For arable land the most important greenhouse gases are N2O and CO2 (Six et al., 2004) , and management practices highly affects the emissions. The CO2 fluxes are affected through the carbon (C) inputs and through tillage, which affect the soil carbon turnover rate by affecting soil organic matter protection. The N2O fluxes are primarily affected through nitrogen (N) inputs. Measures for reducing greenhouse gas emissions therefore largely focus on enhancing carbon input and retention in soils and at the same time aim to reduce nitrous oxide emissions through avoiding periods of excessive nitrogen contents in soils and by avoiding nitrogen losses from the system. The primary aim of the mitigation options is to reduce emissions of methane or nitrous oxide or to increase soil carbon storage. The mitigation options therefore all in some way affect the carbon and/or nitrogen cycle of the agroecosystem. This often does not only affect the greenhouse gas emissions, but also the soil properties and the nutrient cycling. One of the main challenges under climate change is related to the intensification of the hydrological cycle leading to more intensive rainfall and longer dry periods. The result is more rainy conditions and higher risk of soil erosion and nutrient leaching in currently wet temperate climates (Andersen et al., 2006) , where rainfall in general will increase in the wet part of the season. Such measures will influence C and N cycling and thus emissions of CO2, CH4 and N2O. In currently dry climate, rainfall may very well be reduced leading to more frequent droughts and higher dependency of stored soil moisture for supporting crop growth and yield. This puts a higher dependency on soil moisture storage and conservation, e.g. through conservation agriculture (Dumanski et al., 2006 ). This will influence soil C storage and possibly N2O emissions. Adaptation to increased variability of temperature and rainfall involves increasing the resilience of the production systems. This may be done by improving soil water holding capacities through adding crop residues and manure to arable soils or by adding diversity to the crop rotations (Mäder et al., 2002) , e.g. by increasing better alternating crops and adding legumes to cereal based systems. The effects of extremely high temperatures on some crops may be reduced through modifying the microclimate, e.g. by adding shade and shelter as in agroforestry systems (Cannell et al., 1996) . Most categories of adaptation options for climate change affecting the mitigation options include: 1) Measures that reduce soil erosion; 2) Measures that reduce leaching of nitrogen and phosphorus, 3) Measures for conserving soil moisture, 4) Increasing diversity of crop rotations by choices of species or varieties, 5) Modification of microclimate to reduce temperature extremes and provide shelter, 6) Land use change, involving abandonment or extensification of existing agricultural land or cultivation of new land. These adaptation measures will in general, if properly applied, reduce greenhouse gas emissions, by improving N use efficiencies and improving soil C storage. Some mitigation measures may also have negative effects in relation to adaptation. Examples could be catch crops that besides reducing nutrient leakages and adding carbon to soils, also consume water. In situations of water scarcity this water consumption of the catch crop may reduce available soil water for the cash crops and thus negatively affect yields. Other examples of negative effects are establishment of soil covers from crop residues or permanent understories in orchards that act as insulating materials for heat transfer to and from the soil. This insulation will increase the risk of low temperatures (frost) for the crops during night and of extremely high temperatures during daytime. The preliminary analysis presented here shows a large potential for synergies between mitigation and adaptation within agriculture. This needs to be incorporated into economic analyses of the mitigation costs. The inter-linkages between mitigation and adaptation are, however, not very well explored and further studies are warranted to better quantify short-and long-term effects on suitability for mitigation and adaptation to climate change.
